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FLASH Rules Help

• Exclusive Unit-by-Unit ownership of 
module-scope date is tremendous

• Use of inheritance, enforced by setup/
build system is powerful

• Coding standards, such as naming 
conventions, “use, ONLY:” statements, 
etc., tedious but worth it!
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Core-Collapse Requirements
• Higher-order shock-capture hydro/MHD

• Self-gravity

• Realistic EOS

• Electron capture physics during collapse

• Neutrino heating/cooling

• Neutrino leakage

• Multiple concurrent setups w/o code 
duplication
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Neutrino Source Terms
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Neutrino Source Terms
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Neutrino Source Terms
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Neutrino Source Terms
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CCSN Equation of State

• Contributions to thermodynamics from 
baryons, photons, degenerate/relativistic 
elections & positrons

• Baryons experience phase change at 
high-density (>1012 g cm-3) when strong 
nuclear force becomes repulsive

• Traditionally handled via table lookup
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CCSN Equation of State

• Several nuclear force models; need 
ability to swap different tables at runtime

• Kernel implementations from 
collaborators; available at 
stellarcollapse.org

• Need to interface FLASH EOS Unit with 
kernel EOS routines

11
Monday, August 5, 13



ATPESC, 5 August 2013 S.M. Couch

CCSN Equation of State

12

source physics Eos EosMain Gamma

Multigamma

Helmholtz

Tabulated

Multitemp

Monday, August 5, 13



ATPESC, 5 August 2013 S.M. Couch

CCSN Equation of State

12

source physics Eos EosMain Gamma

Multigamma

Helmholtz

Tabulated

Multitemp

Nuclear

Monday, August 5, 13



ATPESC, 5 August 2013 S.M. Couch

CCSN Equation of State

12

source physics Eos EosMain Gamma

Multigamma

Helmholtz

Tabulated

Multitemp

Nuclear

Config
Eos_nucOneZone.F90
Makefile
eos_initNuclear.F90
eos_lowdens.F90
eos_nuclear.F90
kernel

Monday, August 5, 13



ATPESC, 5 August 2013 S.M. Couch

CCSN Equation of State

12

source physics Eos EosMain Gamma

Multigamma

Helmholtz

Tabulated

Multitemp

Nuclear

Config
Eos_nucOneZone.F90
Makefile
eos_initNuclear.F90
eos_lowdens.F90
eos_nuclear.F90
kernel

Monday, August 5, 13



ATPESC, 5 August 2013 S.M. Couch

CCSN Equation of State

13

source physics Eos EosMain Gamma

Multigamma

Helmholtz

Tabulated

Multitemp

Nuclear

Monday, August 5, 13



ATPESC, 5 August 2013 S.M. Couch

CCSN Equation of State
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Neutrino Leakage

• Compute approximate transport along 
radial rays embedded in Cartesian 
domain

• Memory- and compute-intensive
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Neutrino Leakage
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Neutrino Leakage

19

rt_init.F90:
FLASH 
architecture 
allows easy 
instantiation of 
alternate 
communication  
patterns
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Including New Physics

• Unit rules and inheritance apply to 
Simulation Unit as well

• Coexistence of multiple application based 
on same setup feasible by multiple 
means
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Multiple Simulation Setups

24

./setup CoreCollapse -auto -3d +cube16 +pm4dev +uhdopt 
+newMpole threadWithinBlock=True

Use of setup syntax
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Multiple Simulation Setups

24

./setup CoreCollapse -auto -3d +cube16 +pm4dev +uhdopt 
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Breaking the Law
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The FLASH object Directory

• Collects symbolic links to all the source 
code that will actually be compiled in your 
application

• Contains helpful information files about 
your application (setup_*)

• Highly ‘grep-able’
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The FLASH object Directory
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Alternate Implementations

• Alternate implementations of units and 
sub-units in FLASH allows flexibility and 
experimentation

• Can act like pseudo-branching...

• Use of inheritance to reduce code 
duplication

• But...
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Alternate Implementations

• Can lead to code duplication, difficult 
maintainability, and long lag times in 
reincorporation

• Examples:  optimized unsplit hydro/MHD, 
threading implementations
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Thanks!
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